Additional index words. drip irrigation, landscape fabric, weed mat, Rubus, organic fertilizer Abstract. Relatively little is known about aboveground nutrient content of organic blackberry, and there is no published work on total carbon (C) content. Treatment effects on biomass, C, and nutrient content, accumulation, and removal were assessed over 2 years in a mature organic trailing blackberry (Rubus L. subgenus Rubus, Watson) production system that was machine harvested for the processed market. Treatments included two irrigation options (no irrigation after harvest and continuous summer irrigation), three weed management strategies (weed mat, hand-weeded, and nonweeded), and two primocane training times (August and February) in two cultivars (Black Diamond and Marion). Floricanes comprised an average of 45% of the total aboveground plant dry biomass, while primocanes and fruit comprised 30% and 25%, respectively. Depending on the treatment, the total aboveground dry biomass accumulation over the course of the season was 5.0-6.5 t · ha L1 per year, while C stock of the planting was an estimated 0.4-1
In their 2nd year, they produce fruiting laterals and fruit on what are then called floricanes. Following fruit production, the floricanes senesce and are removed. In an annual or every-year fruit production system, primocanes and floricanes exist on the plant at the same time (Strik and Finn, 2012) .
Nitrogen (N) allocation has been studied in several blackberry types (Malik et al., 1991; Mohadjer et al., 2001; Naraguma et al., 1999; Whitney, 1982) . Primocanes have been found to use new fertilizer N for early growth (Malik et al., 1991; Mohadjer et al., 2001; Naraguma et al., 1999) , while both stored N and new fertilizer N are allocated to floricane growth and fruit production (Mohadjer et al., 2001) . Blackberry has relatively low accumulation of biomass and N compared with other perennial crops due to the low planting density and relatively small size of the plants (Mohadjer et al., 2001) . Annual N accumulation ranged from 37 to 44 kg · ha -1 in alternate-year production (Mohadjer et al., 2001) , while N removal ranged from 34 to 79 kg · ha -1 in the first year of trailing blackberry fruit production (Harkins et al., 2014) . The nutrient content of different blackberry plant parts and nutrients other than N have only been examined during the establishment years (Harkins et al., 2014) , but not during mature production. It is important to understand the accumulation and removal of each nutrient as their rates of soil mineralization and plant uptake differ. Because of this, fertilizer requirements may be over-or underestimated.
Aboveground dry biomass production in red raspberry (Rubus idaeus L.) ranges from 0.3 to 7.8 t · ha -1 depending on planting age, location, and production practices (Alvarado-Raya et al., 2007; Darnell et al., 2008; Dean et al., 2000; Rempel et al., 2004; Whitney, 1982) . There has not been as much work done in blackberry, but Mohadjer et al. (2001) reported 4.8 to 5.3 t · ha -1 of dry biomass in an alternate-year production system of 'Kotata' trailing blackberry, and Harkins et al. (2014) measured 3.3 t · ha -1 of aboveground dry biomass in 2012, in the first fruiting season of an organic trailing blackberry planting.
A high percentage of plant dry biomass is composed of C (Dixon, 2015) , but the C content and allocation of blackberry has not been studied. There has been work in other Rubus sp. on photosynthetic rate (Bowen and Freyman, 1995; Fernandez and Pritts, 1993; Percival et al., 2001) , radiolabeling of 14 CO 2 (Fernandez and Pritts, 1994; Gauci et al., 2009; Priv e et al., 1994) , and reduction in C supply (Fernandez and Pritts, 1996) . Mature blueberry (Vaccinium corymbosum L.) was found to contain 8.3 t · ha -1 C during dormancy (Nemeth, 2013) , while mature grape (Vitis vinifera L.) was estimated to have 1.9 t · ha -1 of C (Keightley, 2011) . Carbon sequestration has become increasingly important in light of climate change and the ability to estimate the C stock of agricultural land could be important for gauging offsets to C emissions.
The objective of this study was to continue the work by Harkins et al. (2013 Harkins et al. ( , 2014 and Dixon et al. (2015a Dixon et al. ( , 2015b and examine the effects of cultivar (Black Diamond and Marion), postharvest irrigation, weed management (weed mat, hand-weeded, and nonweeded), and primocane training time (August and February) on aboveground accumulation and removal of dry biomass, C, and nutrients in a mature planting of organic trailing blackberry.
Materials and Methods
Study site. The study was conducted in a mature planting at the North Willamette Research and Extension Center in Aurora, OR [lat. 45°16#47$N, long. 122°45#23$W; USDA plant hardiness zone 8b (U.S. Department of Interior, 2013) ] from 2012 through 2014. The soil type at the site is Willamette silt loam (fine silty, mixed, superactive mesic Pachic Ultic Argixeroll). The field was certified organic by Oregon Tilth (Corvallis, OR), a USDA accredited agency, in 2012 (first fruiting year). See Harkins et al. (2013 Harkins et al. ( , 2014 for detailed information on site preparation and establishment and Dixon et al. (2015a Dixon et al. ( , 2015b for details on mature production.
Experimental design. Treatments included cultivar (Marion and Black Diamond), irrigation (postharvest and no postharvest), weed management [nonweeded, hand-weeded, and weed mat (a porous, polyethylene groundcover)], and primocane training time (August and February). Treatments were arranged in a split-split-split plot design with five replicates. See Dixon et al. (2015b) for details of experimental plot layout. Plots were 1.5 · 3 m in size and contained four plants.
Weed management. The three weed management strategies were applied to each plot individually. In nonweeded plots, weeds were allowed to grow after the first year (2010) and cut to soil level just before machine harvest (early July) during each harvest year to avoid any interference with the catcher plates on the machine harvester; the biomass removed was left in the row. In hand-weeded plots, weeds were removed as needed by hoeing throughout each growing season. The weed mat plots were covered with a 1.4-m-wide strip of black, woven, polyethylene groundcover (TenCate Protective Fabrics; OBC Northwest Inc., Canby, OR) centered on the row. Weeds were removed from the planting hole area and seams in the weed mat as required. More information on weed management strategies is provided in Dixon et al. (2015b) .
Irrigation. Each treatment was irrigated with a single lateral of drip tubing (UNIRAM; Netafim USA, Fresno, CA). The tubing had pressure-compensating emitters (1.9 L · h -1 in-line) spaced every 0.6 m and was placed along the ground at the base of the plants under the weed mat, or was attached on a third wire on the steel posts, located 0.3 m above the ground in nonweeded and handweeded plots. The cultivar, irrigation, and weed management treatment combinations were irrigated independently using a manifold with electric solenoid valves and an automatic timer.
Irrigation was scheduled weekly based on estimates of crop evapotranspiration but was adjusted as needed each week to maintain similar leaf water potentials (LWP) among treatments (Dixon et al., 2015b) . Irrigation was applied from 9 May to 8 Oct. 2012 , 17 May to 27 Sept. 2013 , and 28 May to 23 Sept. 2014 in the postharvest irrigation treatment. In the no postharvest irrigation treatment, irrigation was initiated on the same dates but withheld after the last fruit harvest date on 30 July 2012, 19 July 2013, and 15 July 2014. Thus, these plots received no effective water until the rainy season began on 12 Oct. 2012 , 21 Sept. 2013 , and 23 Sept. 2014 .
Fertilization. An Organic Materials Review Institute -approved fish hydrolysate and fish emulsion blend were diluted 1:3 (v/v) with water and applied through the drip system. In 2012, TRUE 402 (4N-0P-2K; True Organic Products, Inc., Spreckels, CA) was applied in four equal applications at a rate of 56 kg · ha -1 N (Harkins et al., 2013) . Converted Organics 421 (4N-2P-1K; Converted Organics of California LLC, Gonzales, CA) was used for the first four applications in 2013, and True Organics 512 (5N-0.4P-1.7K) was used for the last four applications in 2013 and all applications in 2014. The fertilizer(s) was split into eight equal applications (about every 2 weeks from 5 Apr. to 12 July 2013 and 19 Mar. to 25 June 2014) and applied at a total rate of 90 kg · ha -1 N per year in 2013 and 2014 (based on the percentage of N listed on the label). Additional B fertilizer and lime and dolomite amendments were applied in 2013 and 2014 to correct nutritional deficiencies seen in soil tests and primocane leaf analyses (Dixon et al., 2015a) . The total amount of nutrients applied to the planting are presented in Dixon et al. (2015a) .
Primocane training. Primocanes in the August-trained treatment were trained to the upper trellis wires on 13-14 Aug. 2012, 27-29 Aug. 2013, and 14 Aug. 2014, using the method described by Dixon et al. (2015b) . In the February-trained treatment, primocanes were left on the wire for the drip irrigation lines, just aboveground level, throughout the growing season and the subsequent winter, until they were wrapped and tied to the upper two trellis wires on 21-25 Feb. 2013 and 21-28 Feb. 2014 . Primocane training was done by replicate to avoid any possible date effects within treatment over the days required to train.
Data collection. Primocanes (at 0.3 m height) were counted on two plants in each plot on 24 Jan. 2013 , 20 Feb. 2014 , and 18 Dec. 2014 (to assess primocane growth in 2012 . Individual primocanes were defined as originating at the crown or at a branch below 0.3 m and extending at least 1.0 m or to the first training wire.
One primocane was randomly cut from two plants per plot in Dec. 2014, weighed to determine the average individual fresh weight per cane in each plot, and then multiplied by cane number to estimate the total primocane fresh weight per plant in each plot. Subsamples that included tissue from the base, middle, and tip of the canes were analyzed for moisture content, C, N, phosphorus (P), K, calcium (Ca), Mg, S, iron (Fe), B, copper (Cu), manganese (Mn), zinc (Zn), and aluminum (Al) concentration (Dixon, 2015) . A set of subsamples was also collected and analyzed for nutrients in Feb. 2014. Cane production was too low in 2014 to allow for destructive sampling, so cane fresh weight was not collected and subsamples were taken from near the end of the canes. The 2013 primocane nutrient concentrations were estimated as the average of the February and Dec. 2014 values. Percent moisture content was used to estimate dry biomass of the primocanes. The relationship between primocane number and dry biomass was determined in Dec. 2014: [primocane dry biomass = 0.13 · (no. of primocanes per plant) -0.043; r 2 = 0.36; P < 0.0001] (Dixon, 2015) . Primocane dry biomass was then calculated from the number of primocanes counted in Feb. 2013 and 2014. Primocane C and nutrient content were calculated from primocane nutrient concentrations and dry biomass in late winter. The 2013 primocane nutrient content refers to primocanes that grew in 2012 and then fruited as floricanes in 2013; 2014 primocane nutrient content refers to primocanes that grew in 2013 and then fruited as floricanes in 2014; and primocane nutrient content was calculated a final time in Dec. 2014 for primocanes that grew in 2014 and would have fruited as floricanes in 2015 (referred to as ''2015 primocane nutrient content'').
Ripe fruit were harvested twice weekly from 24 June to 18 July in 2013 and 2014, using an over-the-row rotary harvester (Littau Harvesters Inc., Stayton, OR). Total yield was calculated from the weight of machineharvested fruit on each date. A 25-berry subsample per treatment plot was shipped overnight to Brookside Laboratories (New Bremen, OH) on 8 July 2013 and 7 July 2014 and analyzed for C and nutrient concentrations and for percent moisture (Dixon et al., 2015a) .
Senescing floricanes were removed by pruning at the base of the plant (0.1 m high) after fruit harvest on 29 July-5 Aug. 2013 and 30 July-1 Aug. 2014, per standard commercial practice (Strik and Finn, 2012) . The total fresh biomass of the pruned floricanes was determined per plot, and a subsample of the pruned canes (comprised of cane, lateral, and node tissue from the lower, middle, and upper portion of the cane) was shipped overnight to Brookside Laboratories for analysis of total nutrient concentration and percent moisture content (Dixon et al., 2015a) . Floricane dry biomass and C and nutrient content were then calculated. After pruning and data collection, the floricanes were left between the rows and flail-mowed (chopped), per standard commercial practice.
Dry biomass, C, and nutrient content data from the primocanes, fruit, and floricanes were used to calculate total aboveground plant nutrient content per hectare and accumulation and removal as affected by treatments in each year. Annual nutrient accumulation was calculated by subtracting the prior year's primocane dry biomass (dormant weight) from the current year's floricane dry biomass (to estimate floricane growth), then adding the dry biomass of the current year's harvested fruit and new primocane growth. Annual nutrient removal was defined as the current year's floricane prunings and fruit, while net change in aboveground nutrient content was defined as the nutrient accumulation minus the nutrient removal.
Data analysis. Data were analyzed by year due to large differences in weather and winter damage observed in Dec. 2013 (Dixon et al., 2015b) . Within year, data were analyzed for a split-split-split plot design with cultivar as the main plot factor, postharvest irrigation as the subplot factor, and weed management and training time as subsubplots, using PROC MIXED in SAS (version 9.3; SAS Institute Inc., Cary, NC). Normality was assessed using a histogram of the residuals. Residuals were plotted to assess homogeneity of variance (residual by fitted value plot). Strong fanning or skewedness in the residual plots led to the data being log transformed for analysis to improve homogeneity of variance and to assess proportional effects. Data were back transformed for presentation. Means were compared for treatment effects using a Tukey's honestly significant difference test at a = 0.05. Mean comparisons within significant interactions were done for treatments using least square means at a = 0.05.
Results
Dry biomass production. There were no main effects of cultivar or irrigation on the dry biomass of the dormant primocanes during the study. However, primocane dry biomass was significantly affected by an interaction between cultivar and irrigation in 2015, as well as by weed management each year, and by interactions between irrigation and training date in 2013 and cultivar and training date in 2015 (Tables 1-3 ). In 2013, the plants from the postharvest irrigation treatment had more dry biomass in the primocanes when the primocanes were trained in August than when they were trained in February. The plants also had more dry biomass in the primocanes with hand-weeding than with no weeding in 2 out of 3 years (2014 and 2015) and with weed mat each year. In 2015, 'Marion' had more primocane dry biomass than 'Black Diamond', particularly with Feb.
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Black Diamond (B. Dia.) 1.1 c y NS = nonsignificant; P values provided for significant factors.
x Means followed by the same letter within a column or interaction are not significantly different (P > 0.05).
w All other higher order interactions were nonsignificant and are not shown.
postharvest irrigation, while 'Black Diamond' produced more primocane dry biomass when the primocanes were trained in February rather than in August. 'Marion' produced more floricane dry biomass than 'Black Diamond' in 2013, regardless of weed management strategy (Table 4). In 'Marion', however, both weed control strategies increased floricane dry biomass compared with no weed control, whereas in 'Black Diamond', there was no difference between hand-weeded and no weed control. In 2014, floricane dry biomass was affected by all treatments (Table 5) . Plants produced more floricane dry biomass when grown with postharvest irrigation than with no postharvest irrigation the previous year. 'Marion' continued to produce more floricane dry biomass than 'Black Diamond', but it was especially greater in 'Marion' when the primocanes were trained in February. In addition, training time only had an effect on floricane dry biomass in 'Marion'. Weed control led to greater floricane dry biomass compared with no weeding when plants were trained in February. However, when plants were August-trained, there was no difference between hand-weeded and no weed control plots.
In 2013, 'Black Diamond' produced more fruit dry biomass without than with postharvest irrigation the previous year, whereas the opposite was found in 'Marion' (Table 6 ). The plants also produced more fruit dry biomass with weed mat than with handweeding that year, and the least amount of fruit dry biomass without weed control. In 2014, 'Marion' produced more fruit dry biomass when the plants were trained in February rather than in August, while 'Black Diamond' produced the same amount of fruit dry biomass with either training treatment (Table 7) . Both cultivars produced more fruit dry biomass with weed mat than with no weed control, although there was a larger difference between the weed mat treatment and the nonweeded treatment in 'Black Diamond' than 'Marion' (Table 7) . Similarly to what was observed in 2013, 'Black Diamond' plants grown with weed mat produced the most fruit dry biomass, but August training resulted in a larger difference between weed control treatments. Fruit dry biomass was greater in weed mat than in hand-weeded plots only when plants were trained in August.
In 2013, the annual accumulation in total aboveground plant dry biomass (new primocane growth and floricane and fruit growth) was greatest, on average, in both cultivars with postharvest irrigation, weed mat, and February training (Table 8 ). In 2014, February training still led to the greatest accumulation in dry biomass, on average (Table 9 ). However, weed management only had an effect on dry biomass accumulation in August-trained plants, where plants grown with weed mat accumulated more than with other weed management strategies. The two cultivars accumulated similar amounts of dry biomass, averaging 4.1 and 4.7 t · ha -1 in 2013 and 2014, respectively. Table 4 . Dry biomass and total nutrient content in the floricane prunings in a mature planting of organic trailing blackberry located at the North Willamette Research and Extension Center in Aurora, OR, July 2013. Means followed by the same letter within a column or interaction are not significantly different (P > 0.05).
x All other higher order interactions were nonsignificant and are not shown.
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In 2013, more dry biomass (harvested fruit and floricane prunings) was removed from 'Marion' than 'Black Diamond' when the plants were irrigated postharvest but not when there was no postharvest irrigation (Table 10 ). In addition, more dry biomass was removed from plants grown with weed mat, whereas the least was removed from those grown without weed control. In 2014, there was no effect of training time on dry biomass removal in 'Black Diamond', whereas more dry biomass was removed from 'Marion' when February-trained (Table 11 ). More dry biomass was also removed from 'Marion' than from 'Black Diamond' within each training time. Plants grown with weed mat had the greatest removal of dry biomass with August training; however, when plants were trained in February, there was no difference between dry biomass removal for weed mat and the handweeded treatment. The average removal in dry biomass was 3.5 t · ha -1 in 2013 and 4.6 t · ha -1 in 2014.
In 2013, net change in aboveground dry biomass ranged from 0.4 to 0.7 t · ha -1 among the treatments, with the greatest increase observed in plants that were irrigated postharvest (P = 0.0156) and those that were February-trained (P = 0.0168; data not shown). In 2014, net change ranged from -0.3 to 0.3 t · ha -1 , although there were no significant treatment effects (data not shown).
Primocane nutrient content. Treatment effects and interactions on dormant primocane macro-and micronutrient content varied among years (Tables 1-3 ). Cultivar and irrigation had limited direct effects on primocane nutrient content. In 2013, 'Marion' primocanes trained in February had less Cu in the tissue than those trained in August, or than 'Black Diamond' primocanes trained at either time (Table 1) . In 2014, 'Black Diamond' primocanes contained less P and more S and Zn than 'Marion' primocanes (Table 2) . In 2015, 'Black Diamond' primocanes had less K and B than 'Marion' primocanes trained in August, and less Mg, Fe, Cu, and Al than 'Marion' primocanes trained on either date (Table 3) .
The impact of withholding irrigation after fruit harvest on primocane nutrient content often was affected by training time. In 2013, plants that received irrigation postharvest had less Ca and Zn in the primocanes trained in February as compared with August, whereas there was no effect of training time when the plants received no irrigation after fruit harvest (Table 1) . In 2015, 'Black Diamond' plants that received postharvest irrigation had less S and Al in the primocanes than those that were not irrigated after harvest, whereas there was no difference in S or Al between the irrigation treatments in 'Marion'.
In 2013, plants grown with weed mat had more primocane N, K (only when Februarytrained), Ca, S, and Cu than the nonweeded treatment. Plants in hand-weeded plots also contained more primocane Ca and Cu than the nonweeded treatment (Table 3) . In 2014 and 2015, weed management affected all measured primocane nutrients. Both years, Table 5 . Dry biomass and total nutrient content in the floricanes prunings in a mature planting of organic trailing blackberry located at the North Willamette Research and Extension Center in Aurora, OR, July 2014. the plants with weed mat had a higher content of most nutrients in the primocanes than those in nonweeded plots, except for N and K in 2014 when the primocanes were August-trained, and a higher content of N and K (in February-trained only), P, and S than those in hand-weeded plots in 2014, but not in 2015 (Tables 4 and 5 ). In addition to the interactions mentioned previously, the 2013 primocanes that were trained in August had higher N, P, Ca, Mg, S, B, Cu, Mn, and Zn than when trained in February, while the opposite was found for Fe and Al content. In 2014, direct training effects were more limited, with only a similar response to training in the Fe and Al content. In addition, primocanes trained in February had a higher K content than those trained in August (Table 2 ). Only primocane Al was directly affected by training time in 2015, with a similar pattern as was seen in the previous 2 years.
Floricane nutrient content. The nutrient content in the pruned floricanes was mostly affected by cultivar and weed management in 2013 (Table 4) and by cultivar, weed management, and training time in 2014 (Table 5) . In both years, floricane nutrient content was higher in 'Marion' than 'Black Diamond' (except for P) and generally greater with weed control, although in 2014, plants in nonweeded and hand-weeded plots did not differ in floricane N and S (when Augusttrained), Zn (February-trained), Fe and Al (in 'Black Diamond'), Cu (when irrigated postharvest), and P, Ca, Mg, and B. Use of weed mat led to higher floricane N, P, S, and Zn content than hand-weeding in 2013 and all nutrients in 2014, although only when August-trained for N, S, B, Zn, and Al, only when irrigated postharvest for Cu, and only in 'Black Diamond' for Fe.
The effect of training time, on average, was limited in 2013, with Mn content in floricane prunings only being higher when plants were trained in February (Table 4) . However, in 2014, February training increased the content of all nutrients in the subsequent floricane prunings (Fe and Al only in hand-weeded plots) (Table 5 ). Floricane N, K, Ca, S, B, and Mn content were particularly high in 'Marion' for canes that were trained in February.
Fruit nutrient content. Treatment effects on fruit nutrient content varied between 2013 and 2014 (Tables 6 and 7 ). In 2013, there was a direct effect of weed management on every nutrient. In general, plants growing in nonweeded plots had the lowest content of each nutrient in the harvested fruit, whereas plants in weed mat plots had the greatest, although hand-weeded and weed mat plots were not different for Ca, Mn, or Al. No other treatment had a direct effect on any nutrient in 2013 except plants that received postharvest irrigation had more fruit Al than those that did not. However, there was a cultivar · irrigation interaction on all fruit nutrients except N, Ca, Fe, and Cu. When plants received no postharvest irrigation, 'Black Diamond' fruit contained more P, K, Mg, S, B, Mn, and Al than did 'Marion'. In plants irrigated postharvest, Table 6 . Dry biomass and total nutrient content in the fruit of a mature planting of organic trailing blackberry located at the North Willamette Research and Extension Center in Aurora, OR, 2013.
(t·ha Means followed by the same letter within a column or interaction are not significantly different (P > 0.05).
HORTSCIENCE VOL. 51(1) JANUARY 2016 either the opposite was found (i.e., Mg, Mn, and Zn) or there was no difference between the cultivars (Table 6 ). In 2014, there was no effect of irrigation on fruit nutrient content, but there was an effect of cultivar or a cultivar · training time interaction on the fruit content of each nutrient (Table 7) . Fruit produced by August-trained 'Marion' plants had particularly low N, P, K, S, B, and Cu content than the other training time and cultivar combinations, whereas February-trained 'Marion' had a high P, Ca, Mg, Fe, Mn, and Zn content in the fruit. 'Marion' plants trained in February had a greater content of all nutrients, except for Al.
'Black Diamond' grown with weed mat in 2014 had a greater content of N, P, K, S, Zn, and Al in the fruit than in nonweeded plots and more content than hand-weeded plots in all nutrients except for Al. 'Marion' plants with weed mat only produced greater fruit N, P, K, and Zn than with no weed control. In both cultivars, use of weed mat increased fruit Ca, Mg, Fe, B, Cu, and Mn than no weed control and hand-weeded (except for Ca). February training increased fruit N, S, Fe, Mn, and Al content compared with August training. Fruit from plants in both training treatments had the highest P, K, Ca, Mg, B, Cu, and Zn when grown with weed mat, but August-trained plants tended to have a particularly low fruit nutrient content in the nonweeded treatment as compared with plants that were February-trained (with the exception of K and Mg). Plants in the hand-weeded treatment only had lower fruit P, K, Mg, B, Cu, and Zn content than the weed mat treatment when trained in August. In contrast, there was no difference in fruit nutrient content between the two methods of weed control when plants were trained in February.
A three-way interaction among irrigation, weed management, and training time revealed that fruit Ca content in 2014 was particularly low when the plants were not weeded, not irrigated after harvest, and trained in August when compared with those that were irrigated postharvest, trained in February, and had weed mat, or those that were not irrigated postharvest and were either trained in February and hand-weeded or trained in August and grown with weed mat (P = 0.0347; Fig. 1A ). Fruit Fe content was particularly high in plants trained in February and either grown with weed mat and irrigated postharvest or handweeded and not irrigated postharvest when compared with plants that were not weeded and trained in August with either irrigation treatment or those that were hand-weeded and trained in August with postharvest irrigation (P = 0.0429; Fig. 1B) .
Nutrient accumulation and removal. In 2013, the annual accumulation (new primocane and floricane growth and fruit harvest) in macronutrients per hectare was affected mostly by irrigation and weed management, whereas training time also affected micronutrient accumulation (Table 8) . Postharvest irrigation increased the total accumulation of N in 'Marion' and of K, Mg, and S in both cultivars relative to no irrigation after harvest (Table 8) . Weed control, particularly with Table 7 . Dry biomass and total nutrient content in the fruit of a mature planting of organic trailing blackberry located at the North Willamette Research and Extension Center in Aurora, OR, 2014.
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Aug. weed mat, also increased the accumulation of many nutrients relative to no weeding, including N, P (weed mat only), K, (Table 9 ). Plants grown with weed mat accumulated more Ca, Mg, Mn, and Zn than the other weed management strategies, regardless of training time. However, plants with weed mat only accumulated more N, P, K, S, and B than the other weed management treatments when August-trained; weed management did not affect nutrient accumulation in February-trained plants. Plants that were irrigated after harvest accumulated more B and Cu than those that were not irrigated.
More N, Ca, Mg, Fe, B, Cu, and Zn were removed from 'Marion' as a result of fruit harvest and floricane pruning than 'Black Diamond' in 2013 (Table 10 ). Removal of P and Al was also higher in 'Marion' plants irrigated after harvest than in 'Black Diamond' or in 'Marion' plants that were not irrigated after harvest. Nitrogen, P, K, S, Cu, and Zn removal was highest from plants grown with weed mat, whereas removal was lowest from those in nonweeded plots. In addition, either method of weed control increased the annual removal of Ca, Mg, Fe, B, Mn, and Al compared with nonweeded plants.
In 2014, removal was higher in 'Marion' plants that were trained in February for N, K, Ca, S, B, and Mn than in the other cultivar and training time combinations (Table 11) . Phosphorus removal in 'Marion' was also higher when February-trained than when August-trained, although P removal was not higher than 'Black Diamond' for either training time. There was no effect of training time on nutrient removal in 'Black Diamond', which had less Mg, Fe, B, Zn, and Al (except in nonweeded plots) removed than 'Marion', irrespective of training time. Withholding irrigation after harvest decreased removal of N in both cultivars and of Cu in 'Black Diamond'.
Less N and S was removed from 'Black Diamond' than 'Marion' when grown in nonweeded and hand-weeded plots, but there was no difference among cultivars when weed mat was used (Table 11 ). Plants grown with weed mat had a greater removal of Ca, Mg, and Mn than those in nonweeded and hand-weeded plots in both cultivars. Weed mat also led to greater removal of P, K, B, Zn, and Al when primocanes were trained in August, whereas there was generally no difference between weed mat and hand-weeded plots in the removal of these nutrients when primocanes were trained in February. In general, plants grown without weed control had the least nutrient removal.
In 2013, net change in aboveground nutrient content (annual accumulation minus annual removal) was 11-15 kg · ha -1 N, 1-2 kg · ha -1 P, 5-10 kg · ha -1 K, 0-2 kg · ha -1 Ca, Feb.
Aug. Fe, 6-11 g · ha -1 B, 2-4 g · ha -1 Cu, 33-68 g · ha -1 Mn, 13-28 g · ha -1 Zn, and 94-292 g · ha -1 Al, depending on treatment (data not shown). Net nutrient content change was affected by irrigation and training time in 2013, but not by cultivar or weed management. Plots receiving postharvest irrigation accumulated more dry biomass and N, K, Ca, Mg, S, B, and Zn than those not receiving postharvest irrigation. February-trained plots accumulated more dry biomass, N, P, K, Ca, S, Fe, Cu, Mn, and Al than August-trained plots. There was a significant cultivar · irrigation effect on accumulation in aboveground Ca (P = 0.0428). All 'Marion' plots and postharvest-irrigated 'Black Diamond' plots accumulated an average of 1.7 kg · ha -1 of Ca in 2013, whereas 0.4 kg · ha -1 Ca was removed from 'Black Diamond' plots without postharvest irrigation.
There were few treatment effects on change in aboveground nutrients in 2014 (data not shown). The net aboveground change of K and S was greater in 'Black Diamond' (-8 and -0.6 kg · ha Mn, -25 to 10 g · ha -1 Zn, and -114 to -478 g · ha -1 Al, depending on treatment.
Carbon. Carbon content of the primocanes, floricanes, and fruit varied between years and followed the same pattern as dry biomass in almost every case, so specific results are not presented in detail here (Tables 1-5 ). Aboveground accumulation and removal in C content was similar in 2013 (Tables 8 and 10) and 2014  (Tables 9 and 11 ). Treatment effects differed from dry biomass in two cases. In 2013, irrigation only affected 'Marion' plants, which accumulated more C with postharvest irrigation than without, and in 2014, 'Marion' accumulated more C than 'Black Diamond', regardless of irrigation strategy.
In 2013, irrigation and training time had direct effects on net change in aboveground C (data not shown). Plots that received irrigation after harvest accumulated 0.4 t · ha -1 C compared with 0.2 t · ha -1 C when not irrigated postharvest. The net accumulation of February-trained plots was 0.4 t · ha -1 C, whereas August-trained plots accumulated 0.2 t · ha -1 C. There were no treatment effects on net aboveground C in 2014, with an average measured net removal of 0.03 t · ha -1 of C (data not shown).
The aboveground C stock of the treatments averaged 0.4-1.1 t · ha -1 during dormancy in late winter. The greatest C stock Means followed by the same letter within a column or interaction are not significantly different (P > 0.05).
was measured in 'Black Diamond' grown without postharvest irrigation, with weed mat, and when trained in February, whereas the lowest was measured in 'Black Diamond' grown without postharvest irrigation, without weed control, and when trained in August. In 'Marion', the highest aboveground C stock occurred when plants received no irrigation after harvest, were grown with weed mat, and were August-trained, whereas the lowest occurred with postharvest irrigation, no weed control, and February training.
Discussion
Total aboveground dry biomass of the planting (primocanes, floricanes, and fruit) was 5.2 t · ha -1 in 2013 and 6.3 t · ha -1 in 2014, almost half of which was comprised of C. This dry biomass production was above the range reported by Mohadjer et al. (2001) for a conventional planting of 'Kotata' trailing blackberry that was managed as an alternateyear production system. Harkins et al. (2014) measured an aboveground dry biomass of 3.3 t · ha -1 in 2012, the first fruiting season, for this planting. The low dry biomass production in 2012 was primarily due to a low primocane dry biomass, 0.2 t · ha -1 (Harkins et al., 2014 ), compared with the 1.7 t · ha -1 of primocane dry biomass produced per year during the present study. Harkins et al. (2014) noted that the primocane dry biomass produced in 2011, a year when they grew without the presence of floricanes, was 2.0 t · ha -1 dry biomass, similar to what was produced by 'Kotata' in an ''off year'' of an alternate-year production system (Mohadjer et al., 2001 ). The dry biomass production pattern we observed, where the low primocane dry biomass in 2012 followed a year of high dry biomass production and consequently led to low floricane dry biomass in 2013, is characteristic of a planting transitioning from the first year of production to every-year production, where primocanes and floricanes compete for resources.
Differences in primocane dry biomass among the treatments tended to equate to similar differences in nutrient content. Weed management most consistently affected primocane dry biomass and nutrient content, which was also seen by Harkins et al. (2014) during the establishment years of this planting. Weeds reduced nutrient uptake or availability for primocane growth. A similar response was seen in raspberry plants when perennial ryegrass (Lolium perenne L.) was grown as a between rowcover crop (Bowen and Freyman, 1995) . While blackberry roots extended into the row middles (L. Valenzuela, unpublished data), which were planted to a grass cover crop in the present study, this occurred in all treatments. In addition, the shallow-rooted grass went dormant in summer and, therefore, would not compete very much with a deeply rooted crop such as blackberry. However, the nonweeded treatment was the only one where weeds were competing with plants within the row. There was also an impact of weed management on soil organic matter, pH, and Means followed by the same letter within a column or interaction are not significantly different (P > 0.05).
nutrient levels, which were lowest in the nonweeded and hand-weeded plots and higher under the weed mat (Dixon et al., 2015a) . 'Black Diamond' and 'Marion' did not differ in primocane N content despite the former having a lower primocane leaf N concentration (Dixon et al., 2015a) , leading to the possibility that the lower leaf %N was sufficient in this cultivar. Perhaps 'Black Diamond' was allocating more newly acquired N to primocane tissue than to primocane leaf tissue, leading to the appearance of N deficiency in leaf tissue samples. Leaf samples were taken in midsummer, whereas the primocane tissue was sampled in winter, so N may also have been remobilized from leaves to cane tissue between the two sample dates.
August-trained 'Black Diamond' plants produced half as much primocane dry biomass as 'Marion' plants with the same training treatment, whereas February-trained plants produced the same dry biomass in the two cultivars. This response was unexpected, as only August-trained 'Marion' plants were negatively affected by cold winter weather the previous year (Dixon et al., 2015b) . Despite the similar primocane dry biomass production seen in 2014 and 2015, nutrient content was lower in 2015 for N, K, Mg, S, Fe, and Al. Canes were sampled in early Winter 2015 compared with late Winter 2014, perhaps causing the differences found, although plants should be dormant throughout the winter season. However, Whitney (1982) found that carbohydrate reserves stopped accumulating in red raspberry in early November in northern New Hampshire. Plants may become dormant later in the more temperate climate found in western Oregon.
Fruit dry biomass was 0.4-0.7 t · ha -1 lower in each year of the present study than what was measured during the first fruiting year by Harkins et al. (2014) . Consequently, nutrient content removed in the fruit was also lower for most macro-and micronutrients. However, N removal in fruit was about the same, and fruit Al content was much higher in 2013, although values in 2014 were similar to 2012. Fruit from weed mat plots contained more N, K, Mg, S, Mn, and Zn in 2013 or 2014 than either the hand-weeded or nonweeded plots, a response that may have been due to the higher soil nutrient levels under the weed mat (Dixon et al., 2015a) . However, soil Ca was also higher under weed mat than in handweeded plots, but Ca was not higher in the fruit. In contrast, other nutrients, such as P, were higher in the fruit from weed mat plots and not in the soil (Dixon et al., 2015a) . Fertilizer studies in raspberry and blackberry have shown that higher rates of N, P, K, Ca, and Mg increased plant levels of those nutrients; however, often this response did not result in an increase in yield (Kowalenko, 1981a (Kowalenko, , 1981b Nelson and Martin, 1986; Spiers and Braswell, 2002) .
Floricane dry biomass at floricane senescence or pruning in 2014 was similar to that reported by Harkins et al. (2014) in 2012, but it was 1 t · ha -1 less in 2013; a response that reflected the planting's transition into mature Means followed by the same letter within a column or interaction are not significantly different (P > 0.05).
every-year production from 2013 to 2014. Despite the higher floricane dry biomass in 2014, fruit production did not increase from 2013 to 2014, so it appears that floricane dry biomass is not directly related to yield. An infestation of crown borer (Pennisetia marginata Harris) was discovered in 2013 that affected 'Black Diamond' primarily. There was also an extreme cold event in Dec. 2013 that caused cold injury to 'Marion' (Dixon et al., 2015b) . Either of these problems could have reduced fruit production the following year. In fact, yield did appear to increase from 2013 to 2014 in February-trained 'Marion', which had much less winter cold damage than August-trained 'Marion' (Dixon et al., 2015b) . 'Black Diamond' also had almost 20% lower budbreak in 2014 than was seen in 2013 (Dixon et al., 2015b) , which may have been the reason that we did not see an increase in fruit dry biomass during this study. The higher dry biomass of 'Marion' floricanes compared with 'Black Diamond' in our study was also seen by FernandezSalvador et al. (2015) . As in the primocanes, floricane nutrient content tended to be related to dry biomass production. In general, nutrient content of the floricanes in 2013 was similar to what was reported by Harkins et al. (2014) for the first fruiting year. Floricanes contained at least twice as much N as the fruit, and the N content in the floricanes was almost twice as high in 'Marion' as it was in 'Black Diamond' in 2013. Floricane N content for plants grown in the three weed management treatments progressively increased from nonweeded to hand-weeded to weed mat. Floricane N content was much higher in 2014 than in 2013. This response was expected as 2014 floricanes (which were primocanes in 2013) received a higher rate of N fertilizer than was applied in 2012, both when they were growing as primocanes in 2013 and when they were producing laterals and fruit in 2014. Primocane growth in blackberry is supported almost exclusively by newly acquired N, whereas floricanes primarily use stored nutrients for growth in the early spring, and only later begin taking up nutrients from the soil (Malik et al., 1991; Mohadjer et al., 2001) .
Both fruit and floricanes were removed from the plants and were considered nutrient removal. Between 40% and 55% of the aboveground N was removed by floricane pruning and fruit harvest in semierect blackberry, trailing blackberry, and red raspberry (Malik et al., 1991; Mohadjer et al., 2001; Rempel et al., 2004) . Delaying floricane pruning reduced N removal in 'Kotata' blackberry by almost 65% (Mohadjer et al., 2001 ) and in red raspberry by almost 40% (Rempel et al., 2004) . Growers could use this tactic to reduce N fertilizer applications in the spring. Because the floricanes in our study were placed in the aisles after pruning and were chopped, their nutrients would have returned to the soil and would thus not represent a true removal from the system. Strik et al. (2006) found that the organic form of N in red raspberry prunings left in the row was as readily taken up as a granular, inorganic form applied at the same time. In many cases, in both years of our study, nutrient removal was higher than what was applied in fertilizer, which would eventually lead to depletion in the soil. In 2013, K fertilizer application (31 kg · ha -1 ) (Dixon et al., 2015a) was notably lower than the removal seen in the field (33-58 kg · ha -1 , depending on the treatment). Calcium, Mg, and B applications were also lower than the amount removed for some treatments, but lime, dolomite lime, and B fertilizers were applied in addition to the fertigation treatments (Dixon et al., 2015a) . Despite fertilization, soil Ca, Mg, and B did not increase from 2013 to 2014. Similar results were seen in 2014, except in that year, N was also removed at a higher rate than it was applied for the most vigorous treatments, e.g., Februarytrained 'Marion' and weed mat plots, irrespective of cultivar or training time. Withholding irrigation after harvest reduced aboveground plant accumulation of B. Thus, plants in fields receiving no irrigation postharvest over many seasons might eventually be deficient in B if availability is limited during primocane growth and uptake. If we assume that floricane nutrients were actually returning to the system through uptake by blackberry roots in the row middles, true nutrient removal through fruit harvest was not higher than the fertilizer applied. However, it is unknown if nutrients other than N become readily available for plant uptake through this same pathway.
The treatment effects on C content were a direct response to the treatment effects on dry biomass production for the primocanes, floricanes, and fruit. Cultivar differences in C accumulation have been observed in red raspberry (Percival et al., 2001 ) and were also apparent in this study, especially for floricane C. Floricanes represented a much higher proportion of total aboveground plant C in 2014 (52%) than in 2013 (41%). Carbon accumulation was similar between the 2 years, although C removal was much higher in 2014 than 2013, due to the higher dry biomass production in that year, which was reflected in the net change of C. Interestingly, primocane tissues comprise a much higher portion of the plant dry biomass than floricanes in semierect and erect blackberry (Malik et al., 1991; Naraguma et al., 1999) . In our study, primocanes represented 30% of the aboveground dry biomass, or slightly less than the floricanes (45%). Our findings are similar to what has been reported for Kotata, another trailing cultivar (Mohadjer et al., 2001) .
Cane C content increased in both years from when primocanes were sampled in late winter until they were removed and sampled as floricanes in August. Research in raspberry has shown that roots are a strong sink of C, which is remobilized into the floricanes for lateral and fruit production the following year (Fernandez and Pritts, 1996; Waister and Wright, 1989) . Studies with 14 C in red Feb.
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raspberry have shown that fruit is the largest sink for C produced in floricane leaves, whereas the new primocane growth is the strongest sink for primocane leaves, and both types of canes send C to the roots as a secondary sink (Fernandez and Pritts, 1994; Priv e et al., 1994; Waister and Wright, 1989) . In blackberry, greater dry matter accumulation in the floricanes seems to suggest floricanes and fruit are the largest sink (Mohadjer et al., 2001 ). Floricanes and primocanes do not share fixed C products in other Rubus sp. (Fernandez and Pritts, 1993; Gauci et al., 2009 ), so it is probable that vegetative and reproductive canes in blackberry are also independent. The floricanes and fruit in our study would then have been receiving C from floricane leaves or root remobilization, not primocanes. Aboveground C stock of the planting during dormancy was between 0.4 and 1.1 t · ha -1 and was negatively affected by weeds, postharvest irrigation, and February training. The C stock of a mature blueberry planting, which included prunings, senesced leaves, the crown, and roots, was 8.3 t · ha -1 (Nemeth, 2013) . The C stock of a mature, trailing blackberry planting in this study was underestimated because the crown and root C were not included. In 'Kotata', the crown dry biomass was 1.4 t · ha -1 (Mohadjer et al., 2001 ) and in red raspberry, large amounts of carbohydrate were found to be stored in the roots (Fernandez and Pritts, 1996) . In addition, blackberry plants have much less woody growth aboveground and are planted at a lower density in the Pacific Northwest (2222 plants/ha) than blueberry (4300 plants/ha).
Although aboveground nutrient content and dry biomass and the changes observed are interesting, our results do not include belowground plant tissue (the roots and crown of the plant) and probably grossly underestimate the dry biomass and nutrient capture of blackberry. Blackberry roots extend deep into the soil and spread laterally (L. Valenzuela-Estrada et al., unpublished data) and probably constitute a significant portion of the whole-plant dry biomass.
Roots have been found to constitute between 26% and 41% of the dry biomass of other blackberry types grown in the field or in containers, respectively (Malik et al., 1991; Naraguma et al., 1999) .
Conclusions
Dry biomass production in organic trailing blackberry was negatively affected by weeds, and often by training the primocanes in August. The aboveground C stock of the planting in winter reached a maximum of 1.1 t · ha -1 and was negatively impacted by weeds, postharvest irrigation, and February training. Although this C stock is relatively low compared with what has been reported in some other crops, this value does not include the roots or crowns. Nutrient content accumulation and removal in the aboveground portions of the plants were directly related to dry biomass accumulation. The use of weed mat led to a particularly high fruit nutrient content, even when compared with handweeding. 'Black Diamond' had lower floricane nutrient content than 'Marion', but a similar primocane nutrient content. The nutrient deficiencies found by Dixon et al. (2015a) in 'Black Diamond' primocane leaf N concentrations may have reflected only a difference in allocation between the two cultivars, not a true plant deficiency in N. The current caneberry nutrient standards (Hart et al., 2006 ) may need to be revised for cultivars other than Marion. The organic fertilizer applied to the planting often contained fewer nutrients than what was removed from the planting in floricane prunings and fruit. Although, since the floricanes were left in the field, true removal in the form of fruit was lower than the fertilizers applied. Fertilization rates may also need to be adjusted for some of these organic production systems, and it is unknown if other less mobile nutrients would be as readily available to plants as N is in the floricane prunings.
